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POPULATION AND REPRODUCTIVE ECOLOGY OF THE SMALL-MOUTHED
HARDYHEAD ATHERINOSOMA MICROSTOMA (GUNTHER) (PISCES: ATHERINIDAE)

ALONG A SALINITY GRADIENT IN THE COORONG, SOUTH AUSTRALIA
by ROBYN L. MOLSHER?, MICHAEL C. GEDDES* & DAVID C', PATON®

Summary

Mrisher, R, L., Genpes, M. €. & Pator, D C (1994) Population and reproductive ecology of the smull-
muuthed hardyhesd Athertnosima microstoma (Giinthier) (Pisees: Atherinidae) along a dalinny gradient in the
Coorng, South Australia, Trans. B, Soe. S Awse: N84, 207216, 30 Noverber 1994,

Athernosoma nucrostoma i the Covrong eahibited @ one-year lile cycle with snultiple spawning over 4 four
month breeding season from Septenther o December. Large numbers of larval and juvemle fish (5-15 mm long)
appeared i samples during October and November and grew rapidiy over summer. most reaching lengths of
36-35 mun by antumn and 36-45 i by the following spring. Only one ovary developed in females und this begau
10 enlarge during August when butches of eggs began maluring, Gonosomabic indices also began 1o Ineredse il
(iis fime. Female fish with spent ovaries were tisse catight in November. The numbers of farpe hardyheads (= 35 nuy
in sampley declined in December and January, reflecting post-hreeding mortality.

Salinites ranged from 9 (o 67 ¢ L' al Noopameens, the most norhedy sarmpling sie and from 35 0 94 g
L't Tea Tree Camsing in the southern end of the Coorong lagoon system. High salinives did aot have u inarked
efiecton the population ceology or reproduenive poteatial of Atherinasoma wietostomead. Hardyheads were caughl
atall sites on all sampling vovagions und vo marked differences were found in fish size, geowth rate, condition
ot rebative buteh fecundivy for fish caughi fram difterent localivies dlong the salimity gradiont Wardyheads were
coping well with the high and Teetuanng salinities that exist in the Coarong, Sigruficant differences in balch
teenndity were found between years, with those i spring 1990 being aboul hall those of 1991, perhiaps reflecting
difterences in [ood availability. The possible elfects of futire proposed reductioms i sulinity for the Coorong
onthe Biology of 4. nierostomea are discnssed. Changes i salmity ure anlikely t it ihe distiburion of hardy heads
cxeept thrangh possble anfluences on their food supply.

KOy Worhs: Arhedinosama microstoma, Coarong, hardybead. salinity. reproduction. population hology.

tecundity.

Introduction

The Atheripidae (hardyheuds) 150 widespread family
of small fishes that are commonly found i calm,
shallow waters and ofien have short life cycles (e.p.
Gon & Ben-Tuvia [983: Prince ¢ af. 1982, Prince and
Patler 1983, Potrer er al. 1983, 1986). Athernids are
oftent curyhaline but high salinity oy affect their
population and reproductive biology. For example,
suspected dwarfing in the Mediterranean atherinid,
Athering baverd, may be associated with high salinives
(Gon & Ben-Tuvig (983). The North Amencan
atherimd. Atherinopys affinis affiniy, spawned in the
field at salinities of 72 p.p.t, buk the young died withiu
four months (Carpelan 1955), Most fish species in (he
Laguna Madre of Texas (up w0 80 p.pa ) do not spawn
at salinities greater than 45 pop.t (Hedgpeth 1967
Generally, high salinines and Auctiatons in salnity
restriet reproduction in many agoatic animals, affecting
both the number of offspring produced und the tipning
and length of the breeding season (Kinne 1964,

¥ Pepartment of Zoology, University of Adelande, South
Australig 5005

U dvanasore, Vo (9TR) Tuxopomic and systemalic review ol
the Australian fish species of the family Atherinidae with
references 1 reluted species of the olibworld, Unpublished
PhD Thesis, Macguane University,

The small-mputhed  herdyhead,  Aifierinosoma
microstona (Giinther). is foond in abundance over
wide range of salumtcs including eswuaries, narnne
enbayinents and hypermarine lagoons in south-gustern
Austrulia from (he Tuggerah Lukes in New South
Wales, southwards and westwards (o Spencer Gulf m
South Australia (lvansoft 978" McDowall 198(); R.
Connolly & .G. K. Jones pers. comm ). The maximuom
sizes approdch 90 fom (toral length) in Tasmania and
80 mm 0 Vicloris (Cadwallader & Backhouse 1983)
The life cycle of 4. micrastome has been studied in
Dee Why Lagoon. N.SW., where salinities ranged
from 3 10 [3 ppt (Pouer ¢ al. 1986). In these
estuarime conditions, A i restomna exhibiled 4 one
year hie cycle with o four-month breeding season
during spring (Augzust o November). Fry entered the
Lryppuble populalion 1 Oclober, while lurger sdults
vapidly declined in shundance alter November, Growih
eftecrively ceased nver autumn and winter (April 10
August)

A microsioma has been found thiodghour the
Coarong where canditions range from esluarine in (e
north o hypersaling in the south (Geddes & Hulley
1984). Although hardybeads have heen caughl in the
Coorong 10 excess of 100 popee. TDS (ofal dissolved
solids), equivalent © a sulimy of 90 pop.r.. Geddes
{1987) has suggested (hat extremely high salinines
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(=100 p.p.t. TDS) during late summer and sutamn
may restiet the southerly disiribunion of these fish in
the Coorang in some years, This study takes advaneage
of the longitudinal gradient of salinity that exisis in
the Coorong to study the effect of high salinity onthe
reproductive performance and population structure of
A, nnicrostone -

Materials and Methods

T'he population structure and reproductive hinlogy
al hardyheads were studied at tive sites within the
Couvtang: Noonameena, Villa dei Yunipa, Policemans
Point, Salt Creek and Tea Tree Crossing (Fig. 1), These
sitey spunned 4 65 km length of the Coorong lugoon
system.  with Naonameena in the north  usually
experigncing a lower range of salinities than the other
four sites that were further south (Geddes 1987). The
southernmost site, Tea Tree Crossing, wis at the
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southern extremity of permanent water i the Coorong
where the highest sulinines 1o the Coorang had heen
reported

The salinities and temperatures of the water at cuch
o the sites were measured gt monthly intervals betweer)
September 1990 and Junuary 1992, Water remperalures
were recorded al a depth o 40 ¢nr between 0900 b
and 1800 h. Water samples. collected Lrom a depth ol
40 emy, were returned to the luboratory und salimities
were estimated by measuring electrical conductivines
(conductivity theter CDM3) and converting these
values 1o sahnities using tahles from Williams (1986),
Samples with conduenvitics over 100 mS ¢em! were
diluted and the calculated salmities multiplied hy the
dilution factor.

Each month. fish were caught frani gach site osing
a 5.5 mlong, 175 m deep seine net with a mesh size
of 1.9 mm. All seining was conducied at a depth of
0.2-08 m with hauls over a distunce of 40 m. On most
oceasions a single haul was taken but when the sample
contained low numbers of fish (< 350). adduional seines
were undertaken. Successive seines in the one areu
showed no sigmificanl difference in the mean lengtl
of fish caught (t = 1,348 N = 200, P = 0.179). Fish
traps (63 by 36 hy 36 cm, miesh size 1.9 mm) baited
with meat {usoally chicken) and set overnight 1 water
0.4-08 m deep, were used in Lhe first six months of
the study. Traps were expected to cateh larger hish,
whose superior swimmng ability may have cnabled
them 1o cscape the seine net. dnd thus provided
information on the larger adults in the population. They
ulso provided additipnal fish for assessing reproductive
condition. Tn addition, a plankion net (350 g mesh.
60 e diamercr) was hauled through the water (depth
0.2-0.6 m) for two minutes o check tor the presence
of larval A mtcrestorma. Fish were immediately
preserved i 0% bullered forinalin and returned
the labaratory where their length and reproductivie
condition were measured.

The total fength (TL-tp of spout W emd of cradal
fin) of cach fish (ron both the seine and trap samples
wits reconded o the nearest millimelre using dial
calipers. Where the number of individuals was large.
4 random subsample of approximately 150 individuals
was measured. The stndard length (SL-tip of snont
to posterior edge of the last lateral line scale) of 4§
subsample of fish wus miensored w detennine (he
relationship between T and SL, thereby allowing
comparisons with other studies. Lengths and body
weights of hardyheads caught 1o October 1990,
December 1990 und March 1991 al cach of three sites
(Noomameens.  Policemans Pt and  Tea Tree
Crossing) were measured &0 that length weighr
regressions could be calenlated. Fish condition wits
assessed by comparing these lenglh-weight regressions
hetween sites. Al Tength and weight measurements
were abtained fropn Mish that had been preserved m 10%
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butfered tormualin. Sex ratios were calculuated for up

0 50 handyheads (=30 mm length) caoght in each

seine sample from October 1990 0 May 1991, The sex

of the fish was determined hy macroscopic exanmination
of the ponuds. Gonads in fish <30 mm had not
differentiated clearly and so these fish could not be
sexed reliubly. Orange coloration of the mid-luteral line

und eyes wis ohserved in some fish and the sex of 93

fish that exhibited this coloration was determined.
Seasonal patlerns n the reproductive eyele of

hardyheads  were determined from  chamges i
gonusomatic indices (GSH and the examinaton of
oocytes inthe ovaries ol female fish, Male fish were
nol investigated as preliminary examinations showed
no mdarked  changes in gonadal weight. The
gonosomatic index (GST) was calculated by expressing
gonad weight as a percentage of body weight (De
Viaming ¢t al. 1982). Gonad weight and body weight
were measured to the nearest milligram for up (v 20
fermale fish (TL =40 mm) in each sample. Only female
fish that were at least 40 mm in length were used in
the analysls as the ovaries of smaller fish did not
conluin maturing oocyles. Ovaries ol female Nish from
three sites (Noonameena. Policemans Point and Tex
Tree Crossing) were excised and preseoved in modified
Gilson's fluid (Puckridge 10887). These ovaries were
then teased apart. shaken vigorously, and stored for
Iwir weeks to separale the oocytes from the ovariin
tissuc. Preliminary microscopic examinabion revealed
three different cge rypes, which parallels the situation
found far Menidia enidicn (Comover 1985)_ The three
peneral epp types were classified by size (vocyte
diameter) and appearance as follows:

1. immuature ooeytes: 005-0.70 mm in diwmeter, The
smaller nocytes in this group (0.05-0.22 mm) had
it clear eytoplusm and large nucleus, while the Juarger
nocytes (0.23-0.70 mm) were white. opaque and
ollen irregular m shape.

2. maturing oocytes; 0701-1.60 mm  in diameter
Spherical and dark yellow o colour.

3. ripe noeytes: 1.61-2.50 mm in diameter. Spherical

and hydrated with a yellowish yolk centre.
Diameters of nocyles were determined from 4 single
measurement on i random onentalion busis (West

1990) using u microscope-video atlachment wnd «

digitiser pad downloaded (o @ computer. Subsequent

categorizations  of  oocytes were based only on
appearance. Numbers of muturing and ripe oocyies in
ovaries from samples over the two breeding seasons
were counted using a stereo-dissecting microscope;
immalure ooeytes were difficult to count and were only
counted for samples of fish canght between Seplember

S PUCkkrIDGE, 3, T (1988) The hie history ofa gizzard shad,
the buony bream, Nematalosa evebi (Giinther)
(Dormsomatinae, Teleosn) in the Lower River Murray,
South Avstraha: MSc Thesis, University of Adelade.
Linpubl.
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1990 and January 1991, Fish were classified into tour
stages depending on the Lype of nocytes present (Fig, 2);
immature fishe immature oocytes only, firn ovary.
. mature fish: immatore and maturing oncyles
o ripe fish: immature, maturing and ripe pocyles.
_spent fish: maturing or ripe oocytes ahsent, Maccid
ovary.
“Batch fecundiy™ was detined as the number of
mararing oocytes in the ovary and  presupmably
represented the maximurm number pf soeyies that could
be ripened and subsequently spawned al one fime.
“Relatve bateh fecundity™ was defined as the number
o tturig oocytes per apam of ovary-tree body weipln
(Conover [985), Differences in the fecundily of femiale
sk at dilerent sites in the Coorong were wssessed by
compiring relatve hatch lecundities,

P N

Results

Fhvsical Characteristiey of the Coorong — September
1990 10 Jeniiary 1992

A longitudioal gradieot 10 salinity persisted 0 the
Coorong with salinities increasing fron Noonameeni
it the North Lagoon i Tea Tree Crossing at the
southernmost end of the Coorong (Fig. 3). Hypersaline
conditions (=35 ¢ 1.7) were maintained at all sites in
(he South Tagoon, except baefly ar Villa dei Yumpa
in Seprember 991 At Noonameena, conditions were
estugrine during winter and spring (9-32 ¢ L") and
generally hypermarine during summer, Seasonal trends
wete also evident at all sites with salinities high in
summer: Talling incautumn and rising again in spring,
I Seprember 1990, salinities ranged from 32 ¢ 1.1 al
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Noonameend 10 57 g L' at Tea Tree Crossing, whilis
i February 1991 salininies had risen (0 60 g L' and
04 ¢ L' at these two sites respectively. Seasonal
changes in sulinity were simdar in the two years.
Hawever, salinities reached their minima earlier in 1991
(August/September) and were lower than in (he
previous year Water temperature varied seasonally
with masinmun water temperatures i excess of 24°0
recorded during late: summer and  mimimuim
lemperatures of 119C in winter (Fig. 3),

Iistribution of Fish i the Coorong

Hardyheads were collected Iram all sites throughoul
the 17 month period, The highest salinity at which they
were found was 94 ¢ L1 (Tea Tree Crossing,
February 1991), Fave other species of fish were caught
commonly, yelloweye mullel (Aldrichelta forsteriy,
congalli (Pyeudephrais  wrvilliy, tiver purfish
(Hyporhamphus  regularis), greenback  flounder
(Rhombosolea tapiring) and  blue spot goby
(Pyewdogobiuy olprum), All species were caught il
Noonameena and Villa dei Yumpa where salinities
were lower. However. yelloweye mullet was the only
species caught with A microstoma ar Tea Tree
Crossing, and then only during winter and spring,
Yelloweye mullel, congolli and blue spot goby were
caught at salintties up w 64, 83 und 87 ¢ L'
respectively. Flounder and gurfish were cuught only
ar relatively Tow salinities (<36 g 1.') and only on
(hree oecusions, A, microsioma fae pulnumbered othey
fish species in each sample

Popularion Stewenare of Atherinosoma microsionma in
the Covrong

The abundance of fish collected at the five sites on
(he 17 sampling occasions was analysed by two wiy
anulysis of variance, The number of hardyheuds caughl
in the first seine for each sample was used 10 the
amalysis. "There was no significant difference between
sites (F = 087, d.t, = 79, p=005) but there was u
highly significant difference between sample dales
(1" =603, df =79, p<000l). Greater numbers ol
hardyheads were caught during spring and summer
I'he length Trequencies of fish in euch sample were
inspected and no consistent differences hetween sites
were noted so the siles were pooled for length
trequency analysis, The sizes of hardyheads were
fighly variable al any one (ime in the year, bul [here
were distinet seasonal patierns (Fig 4). Larvae and
ey (5-15 mum: length elass | ol Fig, 4) were pronunent
in Qctober, November and Deceniber (spring-carly
summer) of 1990 and 1991, At this time of the year,
length-trequency distributions were often distinetly
bimodal, conststing of small fish (<25 nu and krger
lish (=35 mm), The 1990 cohord ol smaller fish
showed o gradual increase in lenglth during summer,
reaching lengths of 26-35 mum (length class 3) by May
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1991 and 36-45 mm (length class 4) by the following
spring (September 1991) at all sites (Fig. 4).

The length-weight relationships for fish collected
from Noonameena, Policemans Point and Tea Tree
Crossing are shown in Table 1. Statislical comparisons
of the slopes by ANCOVA revealed non-significanl
differences between the sites in December 1990 and
March 1991 (Tukey HSD, p=0035). In October 199).
significant differences were found between each of the
three sites (Tukey HSD, p<003), however the
assumption of homogeneity of slopes was violated in
this month (F = 366, d.t. = 271, p = 0.004). The
slopes of the regressions, which indicate relative
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Fig. 4 Relative lengtli-class frequencies of Atherinosom
microsfoma caught in seine net hauls from Octoher 1990
until January 1992 (two samples 14 days apart were laken
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been pooled ay there were no consistent differences between
sifes in length-class frequencies. The number ol fish
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Al

weights and thus may be interpreted as a “condition
factor”, showed no consistenl relationship with the
salinity of the sites (Table 1).

The Tength frequencies of male and temale fish in
the trap and seine samples from all sites combined
taken in October 1990, December 1990, March 1991
and May 1991 are shown in Fig. 5. Females were
sigmificantly larger than males (independent 1-tests.
P <003) in ¢ach month. The lurgest female fish caught
an the trap samples was 85 mm (November 1990) while
males were below 67 mm (although a single male fish
of 75 mum was collected in May 1991). Sex ratios (fish
caught in the seine-net only) usually favoured females
with significantly more females for all months
combined (y* = 3782, N = 413, P<00l). Orange
coloration of (he eves and mid-laleral line was only
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Tanii 1 Length weight regressions of Atherinosoma enicrastoma fron Noonameena (INM). Policemany Point (PP) and Teq
Tree Crossing (T1C) in October 1990, December 1990 and Mareh 1991
Regressions are of the form ¥ — ax where! Y = weight, X = length, a = intercept amd b

J | .
SMope. i = coefficient of

deteriinanon, n = sample size and *=% - P <0/

Sample dule Site 4 b = n

October 1990 NM 9,12 % 10% 2,97 0.872¢=% 69
FP 1.55 % 107 2,79 0,978#== 125
TIC 354 < 10" 112 0,80 ##+ %3

December 1990 NM 336 % 100 3.12 09754+ 100
PP 575 % 10° 3.04 0.9py## 100
TIC 8.13 % 10" 296 0.966%+* 100

Murch 1991 NM 6.03 x 10" 3.03 (.94 100
PP 832 = 198 294 ().977++ 100
TFC 7.08 x 10° 2.9% 0961 *++ u7
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found in mule fish over 36-mm TL und only during
the breeding season (September-January), indicating
that it is related o reproductive behaviour,

The relanonship between total length (TL) amd
standard length (SL) was expressed by the following
cquahon:

SLimm) =061+085TL(mm)
(r*=0499, N=34, P<0001).

Annual  Reproducrive Cycle of  Atherinposoma
microstoma in the Coorong

Only one ovary developed in female A, microstoma
und this remained small (<2% of body weight or
GSI<2) through autumn and winter in the Coorang
(Fig. 6). In spring. the ovaries showed a marked
increase in size before declining over summer with
similar seasonal patterns occurring at all sites (Fig. 6).
The GSIs were highest during September and October
in 1991, This annual cycle in repraduction was also
rellected in the proportion of immature, matare, ripe
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Fig. 6. Seasonal changes in the gonosomatic index of female
Atherinosoma merostoma at hive sites mn the Cooring
Lagoon . Points represent medn values of up to 20 fish and
vertical lines are one stundard deviation euch side of the
mein, No standard deviation is given when sample size
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and spent fish in the samples (Fig. 7). Female [ish
possessed only immature ooeytes trom May o July,
Maluring oocyles were frst delected in August with
large mumbers of mature and mpe lish present
throughout spring. Spent fish were first detected in
Novernber. Some imnuature epgs remained in the oviry
indicating that nol all vocyles were matured and shed

Buatch Fecundity of Atherinosoma microstoma i the
Coorong

The numbers of oocytes, classitied as immature,
maturing or ripe in the ovary of individual fish collected
from the two breeding seasons are shown in Fig. 8.
The large variation in numbers of immature oocytes
may relate 10 fish size and 10 losses due to maturation,
There were smaller numbers ol maturing and ripe
oocytes with most fish having from 5 to 40 maturing
oocytes and 5 to 30 ripe cggs in the ovaries.

Ratch fecundity (numbers of maturing oocytes) was
strongly correlated  with  ovary-free body weight
(r = 068, n = 101) in spring 1991 at the time of peik
gonad weight (Fig. 9a), Relative batch fecundity
(numbers of maturing eggs per gram of ovary [ree body
weight) tor fish was independent of ovary ree body
weighl (F = 0,04, n = 101) (Fig. 9b), indicating that

100% ‘23000
80%
D
= -
s
S oo
O 60%
(] b
g -
D
> 40%
&
D -
o
20%
=] mBEN
T X T L T2
TEI SRR
> = = : =
- 2788 =
Month
Spent [ | Mature
(1] Ripe I Immature
Fig. 7. Relative proporton of  lemale  Atherinosomag

microsioma chitracterised by the most advanced clulch
present in the ovary. Data from all five sites combined.
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fish of different sizes were allocaung o similar
proportion of (heir Tesources to egg maturition.
Relative bawch fecundities  (Fig, 1) were not
significantly diflerent between sites in spring 1990
(F = 016, d.f. =245 P =085)or 1991 (F = 323,
d.f. = 298, P>005). However, signtficani differences
were found between years, with refative  hatch
fecundities m 1990 being about hall those of 1991
(F = 51.67, d.f. = 1,147, P = 0001). The number of
maturing eggs per ovary tended o decline afier the peak
spawning period m Ociober 1991,

Discussion

Influence of Salinity on Distriburion, Griseth, Size and
Conditient of Atherinosoma microstoma

Over the summers of 1990-1991 und 1991-1992 the
disteibution of Atherinosoma  microstoma in the
Coorong was not restricted by salinity. All other fish
species appeared to be limited by salinity during the
high-satinity summer season in & manner Similar o
that reported in Geddes (1987) and Geddes & Hall
{1990)). The highest salinity at which A. microstoma
was collected was 94 g LY, This record exceeds the
maximum ficld salinity: for this speeies from coastal
salt ponds in Victoris (82 p.p.t.. Chessman & Williams
1974y, In March 1985, 2 few individuals of 4.
microstoma were trupped ut 149 p.p.t, TDS (salinity
approximately 130 ¢ L' at Tea Tree Crossing in the
Courong (Geddes 1987: D. C. Paton unpublished). A,
microstoma ranks along with Cyprinodon variegatus.
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Batch fecundity

which has been tecorded at 142 p.p.t. TDS (Simpson
& Gunter 19561, as one of the most salt-toleran fish
species in the world, This ability allows A. wicrostona
to survive at the southern end of the Coorong during
estreine  hypersaline  conditions,  Abundance  duta
suggested that hardyhead numbers at the southern sites
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were not affected but high variability, perhaps
associated with schooling behaviour of the fish, and
[ow numbers of sumples were confounding factors 1n
Lhis analysis.

No mujor dillerences were found between gites in
growth, size or condition ol hardyheads in the
Coorong, Growth rates implied from the progression
of length modes suggest that A. microston can uchieve
a total length of 35 munc i four months, followed by
i peniod of little growth over winter, reaching lengths
of 45 nim the tollowing spring, and thereby becoming
sexually mature within the first year of lite. There was
ne indication of dwarfism related © high salinity in
this population. Masimum sizes for both sexes were
similar at all sites in the Coorong and comparable to
those tound in the Dee Why Lagoon population ( Potter
efal, 1986) and lor this species in general (Cadwallader
& Backhouse 1983). Maximum otal lengths recorded
for males were 67 mm (present study) and 66,5 mm
(Dee Why Lagoon) and for females 85 mim (present
study) and 864 oun (Dee Why  Lagoon),  Fish
condition in the Coorong did not differ significantly
hetween sites in March when salinities were high and
fahged from 58 at Noonameena 10 92 g L' at Tea
Tree Crossing,

Life History, Annuwal Cyele and Papidation Structirs
O Atherinosoma microstoms

The post-breeding decline in larger fish at all sites
Irom December indicares a one-year life cyele, The
populauon showed a numerical dommance of females,
and rules were also significantly smaller than females.
Similar patterns of life history aud sexual dimorphisim

have been tound in the population at Dee Why Lagoon.
New South Wales (Potter et al. 1986) and in atherinids
from the Northern Hemisphere (e.g. Gon & Ben-Tuvia
1983), The proportion of female fish in this population
appears o decline over the breeding seuson and a sex
ratio of elose 1 one is reached in December. This may
be duc to differentiul mortality during the breeding
Sedson, of to an increuse in fhe numbers of male fish
reaching maturity (> 30 mm) as the season progressed.
The orange coloration found in mule tish appears ©
be related to reproductive activity and may be under
hormonal control.

The marked difference in size' between sexes. the
prolonged breeding season and the short life eyele of
A. micrastema may be indicative of i species where
sex is determined after conception by environmentil
tactors, such as temperature (Conover 1984). Conover
& Kynurd (1981) conclusively showed that temperature
exerted a direct influence oun primary sex
differentiation, rather than causing sex specific
mortality in the atherinid, Menidia menidia. Thus, 1
epgs spawned in the cooler spring waters develop into
females, and eggs spawned in the warmer waters of
late summier develop inte males, then females would
hive 4 longer growing season which would account
for their significantly larger size.

Spuwning occurred [rom September to December
giving a protracted four month spawning scason. This
15 supported by the large numbers of larvae collected
from October to December from all sites, The sbsence
of larvae in the samples, the small GSIs, and the
absence of maturing and ripe aocytes n the ovaries
during aulumn and winter 1991, indicates that this
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specics las only one breeding season per year, Mear
gonosomatic indices and relative batch fecundities were
arcatest in November in 1990 and October in 1991
indiculing (hat spawning probably peaked durimg these
months. The Tater onset of spawning (0 1990 js reflected
by the Tawer dvop in salinities in that year, Thuy
reduction insalimty mmay be one of the envinnmenial
virinbles inwvolved i Lriggering spawning.

A profracied spawnlig scason niay reflect repeated
“hatches” o egas heing spawned ora Tack ol population
synchrony in gomudal developntent (DeViaming 1835,
Analysis of egg types shows that aocyte develupimen
in A, mieraylome 1s Cgroup-sypehironous’, ws a leas
two size groups of ooeyles were presenlt 10 the oviry
of anindividual g some tioe during the reproductive
eyile (DeMlaming  1983). This type of oneylc
develppment dmplies that the whole cluteh ol nipe
aueyies will he shed overa shorl period (West 1990).
Multimodal  frequency distributions ol oneyle
diamieters, as tound (or A microstom in the Coorong.
are charucerisue of multple-spawning hishes (Henpel
1979). The presence of several inodes of developimg
vneyles. the presence of Temnant ripe egas n some
avaries and the deeline in the number of matunng eggs
per fish as the spawning season progressed indicates
thal A sricrostoma is o muluple-spawsing  hish
Multiple bulches of eggs spiawned silceessively within
ung spawning period  huve been lound o other
athernids including Memidier menieliv (Conover 1984)
and M duedens (Hubbs 1976). Protracted spawning iy
comon atoig atherinids in Australia (¢.g. Ivantsol [
197%; Prince & Pouer 1983; Potter er ol 1986) and
in the Northern Hemisphere (e g, Curpelin 1955, Gon
& Ben-Tuvin 983: Conover 1984 Middaugh &
Henmer 1992) 0 A four month protracied breeding
season over spring paradlels that found for this speeres
from Dee Why Lagoon, New Sewith Wiles, sheje
spawning oceorred from August o November (Polter
ar il 1986).

Influence of Salinity on e Reprodicr (e Pecfiawianio
of Althennosomit microsiama

A mrcrastema 1y the nnly recorded  Austradian
atheringd 1o reproduce in by persaline witers. with te
possihle exception of Crateracephadus pacivadion s
(Lenanton 1977). The gradient in salimnies long the
Coamng did not reduce (he leneth ot the spavnfig
season 10 A microstoma as tish were in spawning
condition from Seprember w Decernber i boll 1990
anc 1991wt ull sues. Salinides during these pernivds
ranged from 32 ¢ 1.1 ut Noonameenit in Septemher
1990 10 74 ¢ L Tea Tree Crossing in December
1990, Salinilies are usually at their lowest |0 the
Coorong during spring which may account for the lack
ol any clewr influence of salinity on reproduction m
the prescnt study.

Guomad development commenges in ke winleveatly
spring @t 8 time when diy length and temperature are
ingreasine and these dre [ikely w be the envirommental
voes for gonad recrudescence. Breeding in spring may
be nmed w take swdvantage ol seasonil peaks in food
aviilubility Trthe Conromg, hurdyheads feed mainly
vn zooplanklon, in particular estracods and copepords.
and these are most abundant dut ing winter and spring
in the Coorang when salinities are relatively low
(Geddes. 1871 Female hardyheads only develop =
portian of their eygs ul one ime. suggesting that cither
u physiulogics| or ecological factor (e g insufficient
fod ) Timiits huteh lecordity, Relahve batch fevunditics
and gonosmmatic indices weree lower in 1990 when the
crowth and performance of Ruppia wherosa, a key
aguutic plant in the southern Coorong, wits reduce
compared with 1991, Other resources  including
2ooplankon may also have heen lower. Mulliple
SPAWNIng 15 H cariiam reproductive strategy aniong
small fish species und graviinises the numbers of eggs
a small Tish can produce (Polier pers, comin, ). il
addiinn. A, microsioma may he uble ta adjust batch
SI7E T response W envirenmental conditions. Such o
strategy would allow hardyheads to exploit both longer
reprodu(ive seasuns and better quality seasons. This
aurategy wonld require the inination of more oecyles
than would be expected w be shed inomnat years.

e Bole of Atherinosoma micrustoma in the Covniny

Atherinide ave an impertant componen) of (he
biomass ol small sl ol mahy sguatic ecosystermsy,
mcluding Bardawil Lagoon (Ben-Toves 1984), Laguna
Madre (Hedgpeth 1967). Humelm Pool (Lenanton
1077), Peel Harvey ostuary (Paner er el 1983) and the
Switi-Ayon River systeini (Prince & Pater 1983). A
pierasienna 1% o prominent component of the Coarong
veasystent. i particular as i mijor lood tem for
selected piscivorous water bicds (Faton 1982). High
and flucivating salimiies along the Coarang did not
faye @ marked eftect on the population ecology or
reproductive hehaviour of A sriccostania and  po
significin ditterences m relutive balch fecundities were
found between ses that diftered in salinity within g
year. Thus, 4. microstoma appears o he well adapied
1o hvpersaline conditons wid ture small changes o
sulinily would pothe expected to arfeer hurdvhicads in
lhe Crorongz. However, thelr tood supply may be
affeeted by salinity. Future studies should be direeled
towirrd the diet of A, seivrostiona w the Coorong dned
the tactors that mipght limit these resourees,

The ugriculturil areas of the Upper South Eust of
South Austiaha suffer from diviand salimization and
seasanal mundation ol lowlying ureas with sorplus
surtace water. There wre proposals 1o drgin some of
thiy surface waler ond possibly grotindwater into the
South Lagoon of the Coorong (Upper South kast
Deylund Sahmty and Flood Mamsgement Plan Swering
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Committee. 19937). Such inputs of fresh or brackish

aiter niay discupt the seasonal fluctuations in salinity
which are an important feature of the Coorong and
which may el ag o partial cue (0 spawning in 4
microstomag. Other consequences of the inputs, such
s an inerease i water depth and consequent reduction
i the exposure of the highly productive mud Mats. o
i rise In nulrient or heavy metal concentrations may
also aflect the food chains in the Coorong supporting
4. microstoma and in-turn piscivorous  birds,

Consideration needs 0 be given 10 the role of

hardyheads in the Coorong ccosystem in Hulhure
management proposals.
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